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SUMMARY OF CRITICAL-MASS CONFIGURATIONS, 
MATERIAL CONCENTRATIONS, 

AND CONTROL-ROD WORTHS FOR 
ZPR-9 ZONED FAST CRITICAL ASSEMBLIES 11-25 

by 

W. R. Robinson, L. G. LeSage, 
and R. B. Pond 

ABSTRACT 

A detailed review has been made of ZPR-9 Assem­
blies 11-25 of the "as-built" reactor propert ies including 
regional radii , cri t ical m a s s e s , regional atomic concen­
t ra t ions , and measured control-rod worths. This review 
was made in order to process and compile the data in a con­
sistent manner. Not included in the review are the rocket 
c r i t ica l -assembly program prior to Assembly 11 and the 
FTR cri t ical studies succeeding Assembly 25. 

INTRODUCTION 

ZPR-9 Assemblies 11-25 were designed for purposes other than to 
establish clean configurations. Assemblies 11 and 12 were uranium car­
bide cores designed for measurements of Doppler coefficients and r eac ­
tivity "worths and to test the usefulness of measurements in a small zone 
for predicting the performance of a full-sized reactor . Assemblies 13-17^ 
provided a se r ies of zoned cores with progressively softer spectra designed 
pr imar i ly to investigate the Doppler effect of ^U. Assemblies 19, 21, and 
22'"'* were uranium oxide cores used to develop experimental methods for 
checking the adequacy of zoned core designs and to test the sensitivity of 
the zoned core spectrum to small changes in core composition and size. 
Measurements of ^ ' 'Pu and ^̂ Û capture-to-fission ratio (alpha) were made 
on Assembly 24.*'^ The neutron energy spectrum in Assembly 24 empha­
sized the region of la rges t uncertainty in the ^^'Pu alpha (i.e., 1 to 10 keV). 
Assembly 25,^'^ with a spectrum significantly harder than that of Assem­
bly 24, was aimed at providing integral data relevant to the resolution of 
some of the c ross-sec t ion uncertainties in ^̂ Û and ^^'Pu. Assemblies 24 
and 2 5 both contained null (i .e., k;̂  = 1) central zones. The data on Assem­
blies 18 and 23 were not included, since they were identical to Assemblies 12 
and 19, respectively. An assembly designated as number 20 was planned as 
part of the oxide zone se r i e s , but was never constructed. 
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In each assembly, the "as-built" loading which came closest to a 
clean co::figuration was chosen as a reference. The values f - - f - ^ / ^ 
erence loading are listed in the tables in this report and ^J^^ '^^'^^%7,, ,„, , 
sidered as the reference values for the assembly, superseding all pr 
values. 

TREATMENT OF DATA 

Each of the 12 assemblies reviewed was treated with a consistent 
set of considerations in order to form a common basis . Since this set of 
colsiderations. described below, may not have been used in preparing 
previous reports, comparison of tabulated values between this repor t and 
other reports may show minor differences. 

Regional Dimensions 

Equivalent cylindrical regional radii were determined, based on the 
number of matrix-tube positions per region. Outside dimensions of a s tain­
less steel matrix tube gave a cross-sect ional area of 30.464 cm^ Where 
empty matrix tubes existed in a region, or where a void occurred due to a 
partially inserted control rod, the cross-sect ional area of each void was 
included in determining the radius. For convenience of loading, certain 
assemblies had one additional driver drawer in either the stat ionary or 
the movable half. The average number of matr ix positions were used in 
the computation of the radius. Figures 1-24 show radial assembly loading 
patterns for each half of the 12 assemblies . The figures are oriented as 
one would view each half from a position between the halves . 

Drawer loading patterns for each assembly are shown in Figs. 25-
35. Stationary half patterns are shown, except as indicated. The patterns 
are referenced to a view facing the front of the drawer. Usually m i r r o r 
images of the stationary half patterns prevailed in the movable half so that 
continuous columns of material existed through both halves. 

Elevations of each assembly are shown in Figs. 36-44. All a s s e m ­
blies used 18-in. (45.72-cm) half heights of the test zone, buffer, and driver 
regions- Axial dimensions in these figures include the thickness of the ends 
of the stainless steel drawers , 0.032 in. (0.08 cm), and of the stainless steel 
springs located at the back of each drawer. 

Critical Mass 

For each reference configuration, the crit ical mass has been cor­
rected for the partially inserted fuel-bearing control rods. Only that frac­
tion of the partially inserted rod that was actually in the reactor was included 
in the critical mass . 



Correct ions have also been included for the presence of fission 
counters . In Assembly 25, four matrix-tube positions are designated [5] 
(Figs. 23 and 24). Fission counters in these drawers were placed 6 in. 
(15.24 cm) from the front of the drawer. They occupied a space 2 x 2 x 2 in. 
and required an additional l /2 - in . void column behind the counter to facili­
tate the signal cable and gas line. The axial oscil lator, also in Assembly 25, 
was treated as two regular test-zone drawers . 

Tabulated cr i t ical masses include all the ^ " u (including that in the 
depleted uranium and in the U3O8) in the test zone, buffer, and driver 
regions. 

Atomic Concentrations 

Regional concentrations include the effect of any partially inserted 
control rod; that is , the part ia l void from the control rod is averaged 
throughout the region. Empty matrix-tube positions within any region 
served to reduce the number densities of that region. 

Composition for the Type 304 stainless steel used in drawers , 
sodium cladding, matr ix tubes, and plates was taken as : iron 71.5%, 
chromium 19%, and nickel 9.5%. The steel reflector, referred to in all 
assemblies except Assembly 25, is composed of blocks of AISI C1018 cold-
finished steel loaded into regular stainless steel drawers . Type C1018 
steel has the composition: iron 99.5%, carbon 0.17%, manganese 0.71%, 
phosphorus 0.01%, sulfur 0.02%, and chromium 0.03%, where only the iron 
content has been considered. Nickel plates and stainless steel plates were 
loaded into regular stainless steel drawer^ for the nickel and stainless 
steel ref lectors of Assembly 25. Radial and axial depleted-uranium r e ­
flectors were normally nnade up of large depleted-uranium blocks inserted 
directly into matr ix positions without stainless steel drawers . 

Atom densities are tabulated in Tables I-XII. 

Control-rod Worths 

Measured control-rod worths are listed in Table XIII. Assembly 15 
was constructed only briefly to obtain the necessary c r i t i ca l -mass infor­
mation to load Assemblies 16 and 17, and no control-rod worths were meas ­
ured. The boron blade in the boron control rod shown in Assemblies 11, 12, 
13, 19, 24, and 25 had exterior dimensions of 1 x 5 x 61 cm and consisted 
nominally of 230 g of enriched boron powder (175 g ' " B ) distributed within 
the stainless steel cladding of 0.032-in. (0.08-cm) thickness. In Assem­
bly 25, the boron control rod (located in the stainless steel reflector region) 
was not used for reactor measurements . Total t ravel distance of the boron 
control rods was 30 in. (76.2 cm). Fuel-bear ing control rods had a total 
stroke of 24 in. (60.96 cm). 
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Fine au to rods contained e i t he r a t a p e r e d b o r a l s p e a r o r a t a p e r e d 
polyethylene spea r . The b o r a l s p e a r t a p e r e d f r o m I j in. to 1/4 in. in a 
length of 65 in. (165.1 cm) and was clad in 0 .032- in . ( 0 . 0 8 - c m ) s t a i n l e s s 
s t ee l . F o r the polyethylene s p e a r , the t a p e r was from 2 to 1/4 in . , in a 
total d i s t ance of 7 ft 6 in. (228.6 cm) . Both the s t a i n l e s s s t e e l - c l a d bora l 
and the polyethylene spea r w e r e a p p r o x i m a t e l y 1/4 in. th ick . In A s s e m ­
bly 25, the only a s s e m b l y to use the po lye thy lene s p e a r , the w o r t h of the 
fine autorod in a 6-in. (15 .24-cm) s t roke was a p p r o x i m a t e l y 0 .01% A k / k . 

The c o a r s e autorod in the movab le half of A s s e m b l y 16 (F ig . 12) 
had a m e a s u r e d worth of 0.09% Ak/k . 
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H B _Lî » .-.•, . L . 1 1 1 1 1 1 1 1 1 1 
0"«;.,-,»,".-.' - ..--1-J 

' d - , • . ' - ' , • . • . ' - ' . • - • i- • 1 

ffi^^^SSffiSi 
a , , 1 1 1 - -+- 1-

i t 
'— 

Test Zone: 0 K K (Core Drawer Typesi 

Fuel-bearing Control Rod: (b} Numbers 6 through 1 

Boron Control Rod: [ B ] 

Fine flulorod: \T} 

Steel Redecto 

r:::i::i::ii-"====~==n 
_L_Ref lector- — ~ 

T r ~ Driver "*" 

-j- Bulfer J l _ -

::i:::=:^:f|§J§||:-:,:::,=: 
lu • >( 0 * ] 

1 [ 
I L ' " "3 - X _ 

_ 
-rrr 
i T . 

Test Zone: [d ] S H ICore Drawer Typesi 

Fuel-bearing Control Rod: [T ] Numbers 1 through 5 

Fine Autorod: (TJ 

Fig. 5. Radial Assembly Loading Pattern: ZPR-9 
Assembly 13, Loading 9. Stationary Half 

Fig. 6. Radial Assembly Loading Pattern: ZPR-i 
Assembly 13, Loading 9, Movable Half 

I ! 1 r 
M M -p-, Steel Re lector 

[' 1 tort 

1 1 i 
»n,er 9 
Biiller 

J^ot4/oL 
-' f-%-^*.--.^ "-

- :•>'- : ••:-:•'•" T T 
7 ' - ' / \ j ' Oi/v;* 0^^L• 6 

oM*cx*o>^« 
og;.'jO>^¥0^* 
M*0)<yOF 

\POX0O 
I 

10 8 

J _ „ 1 ' 

TI i ^ ~ - ~ x b 
î  J i i t L _i_ J 

11 _. 
L __ 

Test Zone: | 0 l K 0 (Core Drawer Typesi 

Fuel-bearing Control Rod: [e ] Numbers 6 through 10 

Fine Autorod: [T ] 

I 1 I 1 1 
1 1 1 1 1 1 
steel Re lector 

i 

1 |Orl.er C 
! 'Bu t l e r ' I 

1 oW/o:yl J 
koVAoyy. 

4<0'X°r*F)° 
••Xd^^ydiVVd 

5 *xo*y,oyyp < 
•'xo^Sioyyo *xo*XO,»Xd 

F Oli^fpM 
oyS^oyi^ 

5 2 

1 

1 

1 
r 

TesI Zone: [O] S K ' ^ ° ' ' ^ Drawer Typesi 

Fuel-bearing Control Rod: [T ] Numbers 1 (hrough 5 

Fine Autorod: [T ] 

Coarse Aulorod: j T j 

Fig. 7. Radial Assembly Loading Pattern: ZPR-9 
Assembly 14, Loading 4, Stationary Half 

Fig. 8. Radial Assembly Loading Pattern: 2PR-: 
Assembly 14, Loading 4, Movable Half 

file:///POX0O


15 

/ 
t; 
c: 
c 
t: 

] 1 1 1 1 1 

_l 1 1 1 1 I 

_ 

Steel Re leqtor 

, 
1 ' ' 

i m 

if 
~1 

il 
• 

Driver 
E 

O 
0 
C 
C 
c 
c 
c 
d 
c 

ulter 

>̂^ 

• 

n 
o 
o 

(; c 
o 
c 
o 
c 

t 

F 

8 

"̂  

• 

6 

-

1 
-

j 

5 

1 1 

1 1 
1 1 

Steel Re lector 

1 

Ret 

Driver 
: Buffer 

o^TxIc 
0;*M0 

V 

0 ^ 0 ^ X 
o>x^o 

yx^o>x:o 

[U 

' 

1 
1 

3 

o * ' 
o|^ 

X U 

X O 
X 

C) 
0y.o 
^Mo 

o>p 1 
1 ? 

4 

1 

Test Zone: ^ ^ K '•^^'^ f̂ ''̂ *̂ '' ^Vf*^' 

Fuel-bearing Control Rod: \T\ Numbers 6 through 10 

Fine Autorod: |T] 

Test Zone: [o] ^ 0 (Core Drawer Typesi 

Fuel-bearing Control Rod: {Y\ Numbers 1 through 5 

Fine Autorod- (T] 

Coarse Autorod; |T] 

Fig. 9. Radial Assembly Loading Pattern: ZPR-9 
Assembly 15, Loading 4, Stationary Half 

Fig. 10. Radial Assembly Loading Pattern: ZPR-9 
Assembly 15, Loading 4, Movable Half 

7 

o x 
o x 
o x 
o x 
o x 

It 

1 I 

1 1 steel Ke 

enl t 

1 1 

j 1 
lector 

1 
L 

^-Reflector-

Driver |9 
, Buffer 

? d 
¥ o 
So 
Wo 
S o 
S o 
9o 
Wo 

gfo • 

o 

(>v ox"! 
o 
o 
o 

() o F 

« 

? T 

Test Zone: [o] | 3 0 ICore Drav̂ er Types) 

Fuel-bearing Control Rod: [6] Numbers 6 through 10 

Fine Autorod: [T) 

• 

5 

1 1 1 
1 1 Ste 

1 

Pl 

Id 
Ko 

•>do 
wxo 
* x o 
» V o 
^ d 

I F I O 

p 
3 

el lie 

^ ̂ 

1 let 

! 1 

ior 

"[ "'̂  
Driver 
Bufler 

V d 
() o 
o 
u 
o 
<j 

o 
o 
« 
^ 

1 

C { 

1 
1 1 

X I 1 

() () O 
XiO 
xlo 
>4 

2 

a 

Test Zone: [o] ^ [ g 'Core Drawer Types) 

Fuel-bearing Control Rod: [T] Numbers 1 through 5 

fine Autorod: \T} 

Coarse Autorod: [c] 

Fig. 11. Radial Assembly Loading Pattern: ZPR-9 
Assembly 16, Loading 2, Stationary Half 

Fig. 12. Radial Assembly Loading Pattern: ZPR-; 
Assembly 16, Loading 2, Movable Half 



M M M M M 1 1 -W h 
M i l l _ -p-, ;teel Relletlor J . 

1 1 
ip4- T_, Depleted-uranium' ~ 

te(lector-| 

======="--SJiii=:::===: 
o F toyjwo'/w 

[ T - • • ' . • . ' ' . • • • " ' - . M 
1 • • • • • _ . ^ » . , __.. 

• • • • d I 

•- _ "iMtfio 
| _ - ^ - 4 

i_ . 1 

t± - --±J 

TesI Zone: [O] ^ S (Core Drawer Types) 

Fuel-bearing Control Rod: {T\ Numbers 7 through 10 

Fine Aulorod: [ F ] 

Test Zone: [O] ^ H 'Core Drawer Types! 

Fuel-bearing Control Rod: Q ] Numbers 1 tfirough 5 

Fine Autorod: |T] 

Fig. 13. Radial Assembly Loading Pattern: ZPR-9 
Assembly 17. Loading 61. Stationary Half 

Fig. 14. Radial Assembly Loading Paitem: ZPR-9 
Assembly 17. Loading 61. Movable Half 

1 1 1 1 1 1 
Deplete 

R< 
d-ura 
ledo 

mum 
1 

I I I ' 

- - U D river 
7 

I Butter 1 
1 

r 1 1 1 

' 
1 

9 : Test Zone 1 
1 

' i 

- - -^ t 

m "" T I 

I I 
L IL 

[ ; 

1 
In 

1 

10 

1 

1 

1 

1 

• 

! 

_L 1 1 LL 
Deple ted-ura 

deflector 
lum 

1 I ' 1 

A ' 1 
buffer 1 

' 1 

\ Test Zone 
1 

- -
1 
1 • 

i 

1 
1 

^ u 
1 

I 

B 

i 

• 

1 

1 
1 

1 

' 1 
1 

• 

4 
• ' 

~^ 

Fuel-tKarIng Control Rod: [6] Numbers 6 Ihrough 10 Fuel-bearing Control Rod: Q ] Numbers 1 through 5 

Boron Control Rod: [ | ] 

Fig. 15. Radial Assembly Loading Pattern: 
ZPR-9 Assembly 19, Loading 12, 
Stationary Half 

Fig. 16. Radial Assembly Loading Paitem; 
ZPR-9 Assembly 19, Loading 12, 
Movable Half 



9 

_L 1 1 1.1 
OepI 

£ 

ted-ura 
Reflecto 

' 

i ium 

' 

- D r i v e r ^ ?| 

Buffer 1 1 

: L 

1 

6 

es 
on e-

^ 
8 

1 
1 

1 
1 

1 

s 

1 1 1 1 1 1 1 
DepI Bted-ura 

Reflecto 
nium 1 

'• 1 '• 

l l 1 1 
't~ 
T 

Driv 

Buffer [ F 

' 1 

1 

3 

es 
on 

1 
, 1 

t 
I' 

1 ' ' 
1 1 
111 
1 • 

1 
' ' 1 

1 

1 
L n ! r 

1 1 
4 i 

• 

1 i - i - i 

Fuel-bearing Control Rod: [ f t ] Numbers 6 through 9 

Fine Autorod; [ F ] 

Fuel-bearing Control Rod: [T) Numbers 1 througti 5 

Fine Aulorod: [T ] 

Fig. 17. Radial Assembly Loading Pattern; 
ZPR-9 Assembly 21. Loading 13, 
Stationary Half 

Fig. 18. Radial Assembly Loading Pattern; 
ZPR-9 Assembly 21. Loading 13, 
Movable Half 

1 

9 

_L M 1 1 1 
DepI 

1! 

te< 
Re 

-uranium [ 
lector 1 ' 
M M ' 

_ 
JZ tz i^ 

DMvir 

B 
1?! ' 

uller 1 

• 1 

[ Test Zon 
1 I 

' 1 
i 

1 
6 

' ' ; 
1 

S 

' 1 

^ 

J 

1 

1 

1 

! 

_LLI 1 1 1 
OepI 

2 

eted-ura 
Reflecto 

mum 

\ I [ ! • 1 
steel Re 

1 

1 mr \ 
'Bu f fe r 1 • 

i ' M 
1 1 |v' 

tvM ' ' 
. est Zon 

1 

3 

1 

rr r̂  r 1 

hi 

1 
1 

d 

; 
1 

' 

-

J 

1 
1 

1 

1 1 

1 ' 
' 

, 

1-

Fuel-bearing Control Rod: [T ] Numbers 6 through 10 

Void: [ y ] 

Fuel-bearing Control Rod: \T} Numbers 1 througti 5 

Void: [V] 

Fig. 19. Radial Assembly Loading Pattern; 
ZPR-9 Assembly 22, Loading 10, 
Stationary Half 

Fig. 20. Radial Assembly Loading Pattern: 
ZPR-9 Assembly 22, Loading 10, 
Movable Half 



18 

r 1 I T 1 1 ' 1 1 1 
• — Oepleted-u - n 

°i 1 

1 _ Drive 

^-Ul 
~ l u f t 

es 0 

TM \ ' ' 

I 

± -" " T I X 
t± _±± 

4 ^ -I 
^ XI 

I I I : : : : : 

1 _ 1 
1 _^ 

l_ I 1 
r 
I 

TJ 
J l • -
j ^ - -
-T ^ J 

J ^ 
± X J 

Fuel-bearing Control Rod and Adjacent Drawers: I | 8 | I Numbers 8 and 10 
(three columns ol fuel in rod. no fuel in adiacent drawersl 

Fuel-bearing Control Rod: jT ] Numbers 6, 7. and 9 

(one column of fuel! 

Boron Control Rod: \J} 

Void: [ y ] 

1 1 1 1 1 1 . 1 ' 
Oepleted-uranium 

_ . Rel\ector-j— 

_ - Steel Re lecfo 

Driwer-H ~ 

1 t - i 
8ulter 

H-H s ^ 
1 ^Test Zon 

J 

- ~ _ 

_ -

ix -

4 

f 

C 

_ 
I t 

- - 1 

-—1 

_ 
_ 

Fuel-bearing Control Rod and Adjacent Drawers: I [1 [ I Numbers 1 and 3 
(three columns of fuel in rod. no fuel m adjacent drawersl 

Fuel-bearing Control Rod: [T\ Numbers 2. 4. and 5 

(one column of fuel) 

Boron Control Rod: [ § ] 

Coarse Aulorod: [ c ] 

Void: {V} 

Fig. 21. Radial Assembly Loading Pattern: ZPR-9 
Assembly 24, Loading 21, Stationary Half 

Fig. 22. Radial Assembly Loading Pattern: ZPR-9 
Assembly 24, Loading 21, Movable Half 

—1—4 Depleted-uranium • 

1 M 1 

6 Ti' 1 Bullir 

' 1 
r llest \t 

7| ^onelAl 

-+- L pl 1 
1 

8 

- X ~z x _ L 

L 

^ 
9 

TI 
_ ~ 

. : 
c 

1 

zr 
Fuel-bearing Control Rod: [F ] Numbers ft through 10 

Fine Autorod: |T ] 

Axial Oscillator: [ 7 ] 

Fission Detector: [ o ] 

B 

5 

4 

ietlecto 

^° ' " 

In 
1E 

X Test 
Zone 

D 

riv 

jfl 

A 

er 

n 

1 

3 

1 

? 

1 

1 

f 

" 

—\ 

Fuel-bearing Control Rod: |T ] Numbers 1 through 5 

Fine Autorod: [T ] 

Axial Oscillator: [AJ 

Fission Detector: [ D ] 

Boron Control Rod: | T | 

Fig. 23. Radial Assembly Loading Pattern: 
ZPR-9 Assembly 25. Loading 24. 
Stationary Half 

Fig. 24. Radial Assembly Loading Pattern: 
ZPR-9 Assembly 25, Loading 24, 
Movable Half 



Stationary half pa t t e rns a r e shown; nnovable half pa t t e rns a re m i r r o r images , except as indicated. 

Test Zone: Type lOl 

Test Zone: Type 

Tes t Zone: Type p P | 

Buffer: 

Fue l -bea r ing Control Rod: 

Boron Control Rod; 
(nriovable half has identical pa t tern) 

Enriched Uranium B 
Depleted Uranium S 
Carbon N 

1/2
 

« 

'̂  

D 

00 

O 

s 
w 

1/8
 

0 

1/8
 

n 

1/8
 

D 

hj 

Crt 

1/8
 

a 
1/8

 

O 
1/8

 
D 

|l/16 
D
 

1/8
 
C
 

|l/16
 
E
 

I/B
 
D
 

00 

D 

1
/
1
6
 
D!
 

1/8
 
C
 

1/16 
E|
 

l/S
 C
 

00 

a 

I/B
 
C
 

00 

o 
tv. 

Il/16 D
 

oo 

n 

1/8
 D
 

05 

O 

|3
 

9
I
/I

 

00 

a 

1/2
 s
 

1/8
 D
 

1/8
 D
 

1/8
 C
 

1/2
 S
 

1/8
 D
 

1/16 
D
 

1/8
 
B
 

1
/
1
6 
D
 

1/8
 D
 

00 

0 

1/8
 
D
 

00 

0 
00 

0 •z 
00 

M 
00 

n 
00 

n 
00 

0 
00 

n 
00 

n 
00 

n 

I/B
 
E
 

4̂  
•z 

00 

n 
00 

n 

09 

0 
00 

n 
4̂  
2 

I/B
 
E
 

00 

0 
00 

0 
00 

n a 

00 

n 
00 

n 

I/B
 
E
 2 

00 

n 
00 

0 
s 

00 

0 

00 

0 

>̂  
2 

00 

p] 

00 

n 
00 

n 
00 

n 
00 

0 

00 

n 
00 

n 
00 

n 

Boron 

-Z inches -

B4"^*'C W: Ext ra wall thickness on fuel-bearing control rods . 
Sodium 
Nickel 

Fig. 25. Drawer Loading Patterns: ZPR-9 Assembly 11, Loading 15 



stat ionary half patterns are shown; movable half patterns an 
e m i r r o r images, except as indicated. 

Test Zone: Type | o | 

Test Zone: Type [ 

Test Zone: Type [ l ^ 

Buffer: 

Dr iver ; Left side of S & M half-
(right side is a m i r r o r image) 

Fue l -bear ing Control Rod: 
Left side of S & M half--
(right side is a m i r r o r image) 

Boron Control Rod: 
Left side of S & M half--
(right side is a m i r r o r image) 

1/2 
s 0 

0 

l/s c 
I1/16E

I 

CD 

0 

I/B
 C

 

I/B
 D

 

1/2
 S

 

CO 

D 
00 

n 
00 

a 

1
/1

6 D
j 

00 

n 

1/16
 

E
| 

00 

d 
t ^ 

cn 
CO 

d 

1/2
 S

 

I1/I6D
I 

I/B
 C

 
I1/16E 3 

8
/1

 

00 

0 

I/B
 C

 

I/B
 D

 S
Z

/l
 

3 
8
/1

 

09 

a 

1/8 
c 

00 

a 
00 

a 

00 

n 
00 

0 
CO 

n 
4^ 09 

n 
CO 

a 
00 

n 
ca 

a 
00 

a 
CO 

0 
00 

n 
09 

d 
CO 

n 

00 

0 
4^ 00 00 

n 
4̂  00 

a 

I/B
 E

 

4^ 00 

0 
00 

M 
4̂  09 

D 

f 
CI 0^ 

00 

M 
00 

n 
4̂  

w 
00 

a 
00 

M 
.t-
U) 

00 

n 
00 

n 
4>. 

(/) 
_"• 
d 

00 

0 
4̂  00 00 

n 
4i. 00 

d 

1/8 
E

 

> 
cn 

1/8 
C

 

Boron 
Blade 

- 2 inches • 

E: Enriched Uranium 
D: Depleted Uranium 

C: Carbon 
S: Sodium 

W: Extra wall thickness on fuel-bearing control rods . 

Fig. 26. Drawer Loading Patterns; ZPR-9 Assembly 12, Loading 10 



s ta t ionary half pa t te rns a r e shown; nnovable half pa t t e rns a r e m i r r o r images , except as indicated. 

Assennbly 13: 
Test Zone: Type [ o l 

Assembly 13: 
Tes t Zone: Type 

Assembly 13: 
Test Zone: Type | ^ 

Ti 

ro 
o 

<̂  
r j 

cn 

^ 
ro 
o 

C 
0 0 

O 

Id 

o 

-
,-" 

^ 
L n 

1
/8

 

n 

TI 

o 

^ 
0 0 

D 

V 

o 

^ 
ro 
cn 

^ 
t v 

< • 

0 0 

d 

^ 
ro 

< 
oo 

o 

•d 

ro 
< • 

oo 
0 

*T3 

4 ^ 
O 

< 
0 0 

n 

^ 
o 

< 
-̂

M 

nj 

.̂  o 

\ 
0 0 

d 

^ 
o 

<̂  
ro 
CO 

^ 
fSJ 
IJ1 

<̂  
n 

^ 
ro 
U l 

<; 
cn 

t ) 

ro 
o 

^ 
n 

^ 
fSJ 
O 

< 
CJ-' 

t'l 

^ 
4 ^ 
O 

^ 
f ) 

^ 
o 

< 
0 0 

n 

^ 
o 

\ 
0 0 

d 

Id 

o 

<; 
r - j 

Cn 

Id 

ro 
o 

<̂  
0 0 

O 

t ) 

ro 
o 

^ 
a 

^ 
ro 
o 

< 
O 

^ 
ro 
u, 

\ 
•~ 
M 

•0 

ro 
o 

<̂  
cn 

^ 
ro 
o 

\ 
d 

Assembly 14: 
Tes t Zone: Type | o | 

Assembly 14: 
Tes t Zone: Type 

Assembly 14: 
Test Zone: Type ^ 

hd 

ro 
o 

<̂  
ro 
cn 

Ti 

r s j 
o 

1/8 

a 

Ti 

ro 
o 

r 
•~ 
tt 

Ti 

ro 
U l 

^ 
0 0 

O 

Ti 

ro 
o 

-
0 0 

d 

^ 
r-o 
o 

-
ro 
cn 

Ti 

ro 
o 

C 
0 0 

D 

^ 
r-o 
o 

C 
0 0 

O 

Ti 

ro 
o 

^ 
0 0 

d 

^ 
o 

< 
oo 
O 

^ 
ro 
o 

^ 
-̂

M 

Ti 

j ^ 

o 

<̂  
0 0 

d 

^ 
rv 
o 

<̂  
ro 
cn 

^ 
ro 
U l 

< 
0 0 

d 

^ 
ro 
U l 

\ 
r o 

C/l 

Id 

ro 
o 

\ 
0 0 

O 

*Td 

ro 
o 

< 
'-' 
M 

*Td 

4 ^ 
O 

< 
0 0 

n 

Ti 

o 

< 
0 0 

O 

Ti 

tst 
O 

< 
0 0 

D 

^ 
NJ 
O 

<̂  
ro 
Cn 

^ 
ro 
o 

\ 
0 0 

n 

Ti 

ro 
o 

<̂  
0 0 

d 

Ti 

ro 
o 

\ 
0 0 

n 

Ti 

r-o 
U l 

\ 
'— 
M 

Nd 

ro 
o 

<̂  
cn 

Ti 

r \ j 

o 

< 
0 0 

d 

E: Enriched Uranium 
D: Depleted Uranium 

Sodium 
Carbon 

P - : Polyethylene {thickness in mi ls) 

Fig. 27. Test-zone Drawer Loading Patterns: ZPR-9 Assemblies 13 and 14 



Stationary half pat terns are shown; movable half patterns are m i r r o r images, except as indicated. 

Assembly 15: 
Test Zone: Type [ o l 

Assembly 1 5: 
Test Zone: Type 

Assembly 15: 
Test Zone: Type ^ ^ 

^ 
ro 
o 

^ 
ro 
cn 

fl 
ro 
o 

^ 
00 

n 

Ti 

o 

-
>-~' 
m 

^ 
ri 
Ul 

-
00 

O 

•Td 

r 1 
o 

-
00 

d 

Ti 
r 1 
o 

-
r̂  

cn 

V 

o 

^ 
oo 

O 

^ 
r̂  
o 

c 
00 

n 

^ 
ro 
o 

c 
00 

d 

^ 
o 

< • 

00 

n 

^ 
to 
O 

<; 

3
9

T
 ^ 

4^ 
O 

c 
00 

d 

^ 
ro 
o 

^ 
cn 

^ ̂-
00 

d 

^ 
rj 
Ul 

^ 
ro 
cn 

nd 
ro 
o 

-
CO 

O 

^ 
ro 
o 

^ 

3
9

1
 ^ 

o 

^ 
00 

d 

^ 
ro 
\ 
00 

n 

^ 
ro 

< 
00 

d 

Id 
ro 

-:̂  
ro 
cn 

^ 
ro 
o 

c 
00 

O 

^ 
ro 
o 

C-
00 

d 

Ti 

o 

-̂
00 

O 

^ 
Ul 

-
^ 
tn 

^ 
o 

-
ro 
cn 

^ 
r' 
o 

-
03 

n 

Assembly 16: 
Test Zone: Type | o | 

Assembly 16: 
Test Zone: Type 

Assembly 16: 
Test Zone; Type ^ ^ 

t) 
ro 
o 

^ 
ro 

cn 

t) 
ro 
o 

^ 
00 

O 

Ti 
tv 

o 

r 
— 
M 

^ 
ro 
Ul 

^ 
00 

O 

Ti 
ro 
o 

-̂
CD 

d 

^ 
ro 
o 

-
ro 

cn 

^ 
o 

-
00 

n 
1̂  
o 

-
00 

O 

T\ 
r 1 
o 

-
00 

° 
^ 
4^ 
O 

^ 
00 

n 

Ti 
ro 
o 

-
— 
M 

^ 
4^ 
O 

c 
00 

d 

^ 
ro 
o 

<̂  
ro 

cn 

^ 
r-o 
Ul 

^ 
03 

d 

^ 
ro 
Ul 

-
ro 

Ol 

tl 

o 

-
00 

O 

Ti 
t-' 
o 

t^ j^l 

w 1 

-
00 

n 

^ 
ro 
o 

\ 
00 

O 

^ 
ro 
o 

< 
00 

d 

^ 
ro 
CD 

^ 
ro 
cn 

Id 
ro 
o 

< 
00 

O 

Ti 
ro 
o 

\ 
03 

D 

Ti 
ro 
o 

< 
00 

O 

^ 
ro 
Ul 

< 
^ 
M 

? 
tv 
O 

<̂  
ro 
cn 

1? 
o 

c 1 
00 

n 

E; Enriched Uranium S; Sodium P - : Polyethylene (thickness in mi l s ) 
D: Depleted Uranium C: Carbon 

Fig. 28. Test-zone Drawer Loading Patterns: ZPR-9 Assemblies 15 and 16 



Stationary half pa t te rns a re ahown; movable half pa t te rns a re m i r r o r images .except as indicated. 

Buffer: 

Dr iver : Right side of Stat ionary 
and Movable half 

Dr iver : Left side of Stat ionary 
and Movable half 

Fue l -bear ing Control Rod: 
Left side of S & M half--
(right side is a m i r r o r image) 

Boron Control Rod: 
(Assembly 13 only) 

Coar se Autorod: 
Movable half on ly - -
Assembl i e s 14, 15, and 16 

Fine Autorod: 
(continuous through both halves) 

00 

n 
09 

O 
00 

n 
> 
cn 

00 

O 
00 

d 
00 

n 
> 
n 

> 
d 

00 

O 
4^ 

Ui 

CD 

n 
00 

d 
oo 

n 

00 

d cn 
00 00 

O 
i t ' 
cn 

l/s 
E

 

00 

d 
4:> 

cn 
00 

n 
00 4^ 

cn 
oo 

O 

00 

o 
4^ OO 

w 
00 

O 
> 
cn 

00 

d 
CO 4^ 00 

O 
00 4k 

cn 
00 

d 

t 00 

O 
> 
cn 

00 

171 

00 

o 
4k 

cn 
> 
d 

00 

M 

4^ 
cn 

oo 

n 
00 4^ 

cn 
c^ 

d 

S 

00 

n 
4^ 
cn 

00 00 

O 
4k 

cn 
00 

d 
00 > 

cn 
00 

O 

Boron 
Blade 

E 

l/l6 
D

 

4^ 
cn 

I/B
 E

 3 
8/

1 

4^ 
cn 3

 8
/1

 

1 inch Depleted Uranium S 
3 

8/
1 

00 

M 

i/a
 c 3

 8
/t

 
Tapered Boral Spear 

i/a
 c 3 

8/
t 

00 00 

O 

-2 inches -

Enr iched Uranium S ; Sodium 
Depleted Uranium W: Ext ra wall thickness on fuel-bearing control rods . 
Carbon 

Fig. 29. Drawer Loading Patterns: ZPR-9 Assemblies 13-16 



s t a t i o n a r y hal f p a t t e r n s a r e shown; m o v a b l e hal f p a t t e r n s a r e m i r r o r i m a g e s , e x c e p t a s i n d i c a t e d . 

T e s t Z o n e : T y p e [ o ] 

T e s t Z o n e : T y p e ^ 

T e s t Z o n e : Type ( 2 

F u e l - b e a r i n g C o n t r o l R o d : N u m b e r 10 
( m i r r o r i m a g e , n u m b e r 5) 

F u e l - b e a r i n g C o n t r o l R o d : N u m b e r s 7 . 8 
( m i r r o r i m a g e , n u m b e r s 1, 2 , & 3) 

F u e l - b e a r i n g C o n t r o l R o d : N u m b e r 9 
( m i r r o r i m a g e , n u m b e r 4) 

F i n e A u t o r o d : 
( c o n t i n u o u s t h r o u g h b o t h h a l v e s ) 

E n r i c h e d U r a n i u m 
D e p l e t e d U r a n i u m 
C a r b o n 

Ti 

ro 
<̂  
ro 
cn 

Td 
ro 
o 

^ 
0 0 

n 

Id 
ro 
o 

-̂
— 
M 

Td 
ro 

-̂
0 3 

O 

^ 
o 

.-
0 0 

O 

^ 
o 

H -

ro 
cn 

Id 

o 

-
0 0 

n 

^ 
o 

-
0 0 

O 

V 

o 

-
0 0 

O 

'U 
4 k 0 0 

O 

^ r-o ..̂  
cr 
m 

Ti 
4 k 

^ 
0 0 

O 

nj 
ro ^ ro 

cn 

Id 
ro 

" 

^ 
0 0 

O 

Ti 

U l 

^ ro 
cn 

t ) 

o 

^ 
CD 

n 

Id 
M 
O 

.-̂  
^ • ^ 

t ) 

o 

— 
0 0 

n 

Td 

to 
\ , 

0 0 

o 

^ 
to 

-C 
0 3 

n 

^ 
ro 

^ 
ro 
cn 

^ 
ro 
o 

C 
0 0 

n 

t t 
ro 
o 

-̂
0 0 

O 

^ 
o 

-̂
OQ 

O 

*id 

U l 

-̂
.—" 
n 

^ 
o 

^ 
ro 
cn 

t) 
r i 
o 

-
0 0 

O 

S 
t) 
ro 
o 

^ 
ro 
cn 

t ) 
ro 
o 

^ 
0 0 

O 

Ti 
ro 
o 

-̂
^ 
\^ 

Id 
ro 
U l 

-̂
0 0 

n 

^ 
ro 
o 

-̂' 
1 — " 

d 

Ti 

ro 
o 

-
t-o 
cn 

Td 

o 

^ 
0 0 

O 

^ 
o 

-
0 0 

O 

Id 

o 

-̂
0 0 ?: 

E 

p
-4

0 
i 

I/B
 C

 

P
-2

0 
1 

a. 
y 
4i 
O 3 

8/
t p

-2
0 

1 

1/2
 S cr 

d 

P
-2

5 

l/2 
S 

f?720 
1 

OD 

n 
y 
o a-

|P
-4

0 
1 

00 

n 
s 

f 
11 

o 

-̂
0 0 

o 

Ti 
ro 
o 

^̂  
0 0 

O 

Td 
ro 
o 

^ 
ro 
cn 

^ 
ro 
o 

C 
0 0 

n 

Id 
ro 
o 

~r 
•— 
d 

*id 
ro 
o 

r* 
0 0 

n 

^ 
ro 
U l 

^ 
^ 
M 

T3 
ro 
o 

-
ro 
cn 

^ 
r \ j 

o 

-̂
0 0 

n s: 

i/a
 c 

> 
> 

09 

O 
T a p e r e d B o r a l S p e a r 

i/a
 c 

I/B
 

E
 > 

2 i n c h e s 

S o d i u m 
A l u m i n u m (63% d e n s e ) 
P o l y e t h y l e n e ( t h i c k n e s s in m i l s ) 

W: E x t r a w a l l t h i c k n e s s on f u e l -
b e a r i n g c o n t r o l r o d s . 

Fig. 30 . Drawer Loading Patterns: ZPR-9 Assembly 17. Loading 61 



Stationary half pa t terns a r e shown; movable half pa t terns a r e m i r r o r images , except as indicated. 
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Stationary half pa t te rns are shown; movable half pat terns are mi r ro r images, except as indicated. 
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s ta t ionary half pa t te rns a r e shown; movable half pa t te rns a r e m i r r o r images , except as Indicated. 
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00 

Stationary half pat terns are shown; movable half patterns are mi r ro r images, except as indicated. 
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stationary half patterns are shown; movable half patterns are nnirror images, except as indicated. 
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T A B L E I. Z P R - 9 A s s e m b l y 11, Loading 15, A s - b u i l t 

Reg iona l C y l i n d r i c a l Equ iva len t Radi i , c m 

T e s t zone 20.89 
Buffer 28.03 
D r i v e r 39.94 
R e f l e c t o r ( s t ee l ) 85.23 

T e s t - z o n e half he ight 45.72 c m 

A x i a l s t e e l r e f l e c t o r t h i c k n e s s ( each half) 33,02 c m 

C r i t i c a l M a s s , kg ( "^u) 

T e s t zone 76 

Buffer 1 
D r i v e r 403 
T o t a l c r i t i c a l m a s s 480.1 

A t o m i c C o n c e n t r a t i o n s , Uni ts of 1 0 ^ ' a t o m s / c m ' 

Material 

234u 

235u 

236u 

"«u 
F e 
C r 
Ni 
C 
Na 

Test Zone 

0.015 
1.548 
0.007 

10.610 
8.904 
2.541 
1.125 

12.856 
9.001 

S t e e l 
Buffer D r i v e r R e f l e c t o r 

B(na t . ) 

0.026 

12.145 
8.904 
2.541 
1.125 
9.354 
9.001 
3.023 

0.044 
4 .443 
0.021 
0.320 
6.839 
1.952 

18.540 
41 .874 

77.893 
1.952 
0.864 

T A B L E II. Z P R - 9 A s s e m b l y 12. Loading 10, A s - b u i l t 

Reg iona l C y l i n d r i c a l Equiva len t Radi i , c m 

T e s t zone 
Buffer 
D r i v e r 
Ref l ec to r (deple ted) 
Ref l ec to r ( s t ee l ) 

T e s t - z o n e half height 
Axia l dep l e t ed r e f l e c t o r t h i c k n e s s (each half) 
Axia l s t e e l r e f l e c t o r t h i c k n e s s (each half) 

C r i t i c a l M a s s , kg ("^U) 

25.87 
32.51 
40.96 
54.03 
85.23 

ch half) 
tialf) 

45.72 cm 
12.70 cm 
15.24 cm 

Material 

234u 

235y 

"'u 
238u 

F e 
C r 
Ni 
C 
Na 

Test : ione 
Buffer 
Driver 
Total cri t ical mass 

116 
1 

463 
579.7 

Atomic Concentrations, Units of 10^' at 

Test Zone 

0.015 
1.543 
0.007 

10.628 

8.904 
2.541 
1.125 

12.848 
8.998 

Buffer 

_ 
0.020 

-
9.704 
8.726 
2.491 
1.103 

34.303 
3.807 

Driver 

0.065 
6.653 
0.031 
4.999 

10.518 
3.002 
1.329 

12.780 
7.505 

Depleted 
Reflector 

0.085 

40.133 
4.256 
1.125 
0.538 

_ 
-

oms/cm' 

Steel 
Reflector 

77.893 
1.952 
0.864 

. 
-



TABLE m . ZPR-9 Assembly 13, Loading 9. As-built 

Regional Cylindrical Equivalent Radii, cm 

Test zone 
Buffer 
Driver 
Reflector (depleted) 
Reflector (steel) 

Test-zone half height 
Axial depleted reflector thickness (each half) 
Axial steel reflector thickness (each half) 

25.87 
32.51 
37.85 
54.07 
85.14 

ch haH) 
lalf) 

4 5 . 

12 , 

2 0 , 

,72 c m 
,70 c m 
,32 c m 

Crit ical Mass, kg ("*U) 

TABLE IV. ZPR-9 Assembly 14, Loading 4, As-built 

Regional Cylindrical Equivalent Radii, cm 

Test zone 25.87 
Buffer 32.51 
Driver 37.35 
Reflector (depleted) 54.43 
Reflector (steel) 84.40 

Test-zone half height 45.72 cm 
Axial depleted reflector thickness (each half) 12.70 cm 
Axial steel reflector thickness (each half) 20.32 cm 

Cri t ical Mass, kg (^^U) 

M a t e r i a l 

234u 

235u 
236u 
238u 
F e 

C r 

N i 

C 

N a 

H 

T e s t zone 
Buffer 
D r i v e r 
T o t a l c r i t i c a l m a s s 

1 1 5 

1 

2 8 7 

402.8 

A t o m i c C o n c e n t r a t i o n s , Uni ts of 10^^ a t o m s / c m ^ 

T e s t Zone 

0.015 
1.541 
0.007 
7.254 
8.904 
2.541 
1.125 

15.197 
8.871 
6.645 

Buffer 

_ 
0.020 

-
9.704 
8.726 
2.491 
1.103 

34.303 
3.807 

-

D r i v e r 

0.065 
6.629 
0.031 
4 .983 

10.264 
2.971 
1.316 

12.755 
7.450 

-

Deple t ed 
R e f l e c t o r 

_ 
0.085 

-
40.133 

4.256 
1.215 
0.538 

-
-
-

Stee l 
R e f l e c t o r 

_ 
-
-
-

77.893 
1.952 
0.864 

-
-
-

M a t e r i a l 

234u 

235u 
2 " u 

"'u 
F e 

C r 

N i 

C 

N a 

H 

T e s t zone 
Buffer 
D r i v e r 
T o t a l c r i t i c a l m a s s 

1 1 5 

1 

2 5 8 

374.1 

A t o m i c C o n c e n t r a t i o n s , Uni t s of 10^^ a t 

T e s t Zone 

0.015 
1.539 
0.007 
6.490 
8.904 
2.541 
1.125 

16.493 
8.871 
6.645 

Buffer 

_ 
0.020 

-
9.704 
8.726 
2.491 
1.103 

34 .303 
3.807 

-

D r i v e r 

0.066 
6.730 
0.032 
4 .988 

10.503 
2.998 
1.327 

12.826 
7.460 

-

D e p l e t e d 
R e f l e c t o r 

_ 
0.085 

-
40 .133 

4 .256 
1.215 
0.538 

-
-
-

o m s / c m ^ 

S t e e l 
R e f l e c t o r 

_ 
-
-
-

77.893 
1.952 
0.864 

-
-
-



T A B L E V. Z P R - 9 A s s e m b l y 15, Loading 4 . A s - b u i l t 

Reg iona l C y l i n d r i c a l Equiva len t Radi i , c m 

T e s t zone 25.87 

Buffer 32-51 
D r i v e r 36.97 
R e f l e c t o r (dep le ted) 54.43 
R e f l e c t o r ( s t e e l ) 86.05 

T e s t - z o n e half he ight 
Ax ia l d e p l e t e d r e f l e c t o r t h i c k n e s s ( each half) 
A x i a l s t e e l r e f l e c t o r t h i c k n e s s ( each half) 

C r i t i c a l M a s s , kg ("^U) 

T e s t zone 115 
Buffer 1 
D r i v e r 237 
T o t a l c r i t i c a l m a s s 352.9 

45 .72 c m 
12.70 c m 
20.32 c m 

Atomi ic C o n c e n t r a t i o n s , Uni ts of l O " a t o m s / c m ^ 

D e p l e t e d S tee l 

M a t e r i a l T e s t Zone Buffer D r i v e r R e f l e c t o r R e f l e c t o r 

" " U 
"«U 
F e 
C r 
Ni 
C 
Na 
H 

0.015 
1.537 
0.007 
5.681 
8.904 
2.541 
1.125 

18.166 
8.871 
6.645 

0.020 

9.704 
8.726 
2.491 
1.103 

34.303 
3.807 

0.066 
6.731 
0.032 
4.944 

10.403 
2.969 
1.315 

12.719 
7.430 

0.085 

40.133 
4 .256 
1.215 
0.538 

77.893 
1.952 
0.864 

T A B L E VI. Z P R - 9 A s s e m b l y 16, Loading 2, A s - b u i l t 

Reg iona l C y l i n d r i c a l Equ iva len t Radi i , c m 

T e s t zone 25.87 

Buffer 32.51 
D r i v e r 36.62 
Re f l ec to r (deple ted) 54.38 
Re f l ec to r ( s t ee l ) 86.05 

T e s t - z o n e half he ight 
Axia l dep l e t ed r e f l e c t o r t h i c k n e s s ( each half) 
Axia l s t e e l r e f l e c t o r t h i c k n e s s ( each half) 

C r i t i c a l M a s s , kg ("^U) 

T e s t zone 115 
Buf f e r 1 
D r i v e r 217 
T o t a l c r i t i c a l m a s s 333.1 

45 .72 c m 
12.70 c m 
20.32 c m 

A t o m i c C o n c e n t r a t i o n s , Uni ts of l O " a t o m s / c m ^ 

Dep le ted S tee l 
M a t e r i a l T e s t Zone Bul fe r D r i v e r R e f l e c t o r R e f l e c t o r 

F e 
C r 
Ni 
C 
Na 
H 

0.015 
1.536 
0.007 
4 .873 
8.904 
2.541 
1.125 

19.421 
8.871 
6.645 

0.020 

9.704 
8.726 
2.491 
1.103 

34.303 
3.807 

0.065 
6.659 
0.031 
4.890 

10.330 
2.948 
1.306 

12.610 
7.369 

0.085 

40 .133 
4 .256 
1.215 
0.538 

77.893 
1.952 
0.864 



TABLE VII. ZPR-9 Assembly 17, Loading 61, As-built 

Regional Cylindrical Equivalent Radii, cm 

Test zone 27.46 
Reflector (depleted) 54.38 
Reflector (steel) 86.02 

TABLE VIII. ZPR-9 Assembly 19, Loading 12, As-built 

Regional Cylindrical Equivalent Radii, cm 

Test-zone half height 
Axial depleted reflector thickness (each half) 
Axial steel reflector thickness (each half) 

Crit ical Mass, kg ("*U) 

45.72 cm 
12.70 cm 
20.32 cm 

Test zone 
Buffer 
Driver 
Reflector (steel) 
Reflector (depleted) 

Test-zone half height 
Axial steel reflector thickness (each half) 
Axial depleted reflector thickness (each half) 

Cri t ical Mass, kg ("^U) 

25.87 
32.51 
42.92 
56.48 
77.35 

l a l f ) 

c h h a l f ) 

4 5 , 

1 5 , 

1 5 , 

, 7 2 c m 

, 2 4 c m 

, 2 4 c m 

M a t e r i a l 

234u 

235u 

"'u 
" « U 

F e 

C r 

N i 

C 

N a 

H 

T e s t z o n e 

T o t a l c r i t i c a l 

T e s t Z o n e 

0 . 0 1 5 

1 . 4 9 7 

0 . 0 0 7 

0 . 0 8 5 7 

8 . 8 5 4 

2 . 5 2 7 

1 . 1 1 9 

2 7 . 4 9 1 
8 . 8 6 3 

6 . 6 4 0 

1 2 6 . 9 

r n a s s 1 2 6 . 9 

A t o n n i c C o n c e n t r a t i o n s , 

U n i t s of 1 0 ^ ' a t o m s / c m ' 

D e p l e t e d 

R e f l e c t o r 

_ 
0.085 

-
40.133 

4.256 
1.215 
0.538 

-
-
-

S t e e l 

R e f l e c t o r 

_ 
-
-
-

77.893 
1.952 
0.864 

-
-
-

M a t e r i a l 

234tj 

215u 

236U 

238u 

F e 

C r 

N i 

C 

N a 

O 

A l 

T e s t z o n e 

B u f f e r 

D r i v e r 
" P Q ^ ^ 1 .. —i4 î . . . . 

A t o m i c 

C o r e 

0 . 0 1 1 

1 . 1 5 6 

0 . 0 0 5 

5 . 7 8 9 

1 4 . 3 6 0 

2 . 9 7 9 

1 . 3 1 9 

-
9 . 2 3 3 

1 4 . 6 8 1 

1 m a s s 

8 7 

1 

3 9 3 

4 8 1 . 2 

C o n c e n t r a t i o n s , U n i t s of 10^^ 

B u f f e r 

_ 
0,017 

-
8.242 
6.839 
1.952 
0.864 

-
-

22.027 
18.738 

D r i v e r 

0 . 0 4 4 

4 . 4 7 1 

0 . 0 2 1 

0 . 2 5 5 

2 8 . 3 2 8 

8 . 0 8 3 

3 . 5 7 9 
2 9 . 7 6 1 

-

: 

S t e e l 

R e f l e c t o r 

_ 
-
-
-

77.893 
1.952 
0.864 

-
-
-

a t o m s / c m ' 

D e p l e t e d 

R e f l e c t o r 

. 
0.085 

-
40.133 

4.256 
1.215 
0.538 

-
-
-
~ 



T A B L E IX. Z P R - 9 A s s e m b l y 21 , Loading 13, A s - b u i l t 

Reg iona l C y l i n d r i c a l Equ iva len t Radi i , c m 

T e s t zone 14.27 
Buffer 20.89 
D r i v e r 32.59 
R e f l e c t o r ( s t ee l ) 56.48 
R e f l e c t o r (dep le ted) 77.35 

T A B L E X. Z P R - 9 A s s e m b l y 22, Loading 10, A s - b u i l t 

Reg iona l C y l i n d r i c a l Equ iva len t Radi i , c m 

T e s t zone 25.87 

Buffer 32.51 
D r i v e r 42 .12 
Re f l ec to r ( s t ee l ) 56.48 
R e f l e c t o r (deple ted) 77.35 

T e s t - z o n e half he ight 45 .72 c m 
A x i a l s t e e l r e f l e c t o r t h i c k n e s s ( each half) 15.24 c m 
Axia l d e p l e t e d r e f l e c t o r t h i c k n e s s ( each half) 15.24 c m 

C r i t i c a l M a s s , kg ("^U) 

T e s t - z o n e half he ight 45.72 c m 
Axia l s t e e l r e f l e c t o r t h i c k n e s s ( each half) 15.24 c m 
Axia l dep l e t ed r e f l e c t o r t h i c k n e s s ( each half) 15.24 c m 

C r i t i c a l M a s s , kg ("^U) 

M a t e r i a l 

234u 

235u 
236u 
238u 
F e 
C r 
Ni 
C 
Na 
O 
Al 

T e s t zone 
Buffer 
D r i v e r 
T o t a l c r i t i c a l 

A t o m i c C o n c e n t r a l 

T e s t Zone 

0.011 
1.152 
0.005 
5.770 

14.335 
2.959 
1.310 

-
9.202 

14.632 

-

Buffer 

-
0.017 

-
8.232 
6.839 
1.952 
0.864 

-
-

22.000 
18.718 

m a s s 

26 
1 

311 
338.5 

t ions . Uni ts of 10^' a t 

D r i v e r 

0.043 
4 .443 
0.021 
0.254 

28.129 
8.027 
3.554 

29.605 

-
-

0.065 

Stee l 

R e f l e c t o r 

_ 
-
-
-

77.893 
1.952 
0.864 

-
-
-
-

o m s / c m ^ 

Dep le t ed 
R e f l e c t o r 

_ 
0.085 

-
40.133 

4 .256 
1.215 
0.538 

-
-
-
-

M a t e r i a l 

234y 

235u 
236u 
238u 

F e 
C r 
Ni 
C 
Na 
O 
Al 

T e s t zone 
Buffer 
D r i v e r 
T o t a l c r i t i c a l m a s s 

85 
0 

359 
44 3 .6 

A tomic C o n c e n t r a t i o n s , Uni ts of 10^' at 

T e s t Zone 

O.OU 
1.129 
0.005 
5.654 

14.128 
2.930 
1.298 

-
9.017 

14.338 

-

Buffer 

. 
-
-
-

6.839 
1.952 
0.864 

-
-
-

50.759 

D r i v e r 

0.044 
4 .462 
0.021 
0.255 

28.325 
8.082 
3.579 

29.604 

_ 
_ 
-

Re 
S tee l 
•flector 

. 
_ 
_ 

77.893 
1.952 
0.864 

_ 
_ 
_ 
-

o m s / c m ' 

Dep le t ed 
R e f l e c t o r 

0.085 

40 .133 
4.256 
1.215 
0.538 

-



TABLE XI. ZPR-9 Assembly 24, Loading 21, As-built 

Regional Cylindrical Equivalent Radii, cm 

Test zone 25,87 
Buffer 30.67 
Driver 51.41 
Reflector (steel) 64.50 
Reflector (depleted) 84.54 

Test-zone half height 45.72 cm 
Axial steel reflector thickness (each half) 15.24 cm 
Axial depleted reflector thickness (each half) 15.24 cm 

Cri t ical Mass, kg ("^U) 

TABLE XII. ZPR-9 Assembly 25, Loading 24, As-built 

Regional Cylindrical Equivalent Radii, cm 

Test zone 
Buffer 
Driver 
Reflector (stainless steel) 
Reflector (depleted) 

Test-zone half height 
Axial nickel reflector thickness (each half) 
Axial depleted reflector thickness (each half) 

Crit ical Mass, kg ("^U) 

18.94 
25.87 
37.95 
55.79 
71.89 

f) 
lalf) 

45, 
15, 
15. 

.72 cm 
,24 cm 
24 cm 

Material 

234u 

235y 
U 

238u 

F e 
C r 
N i 

C 

Test zone 
Buffer 
Driver 
Total cr i t ical mass 

85 
1 

416 
501.7 

Atomic Concentrations, Units of 10^' 

Test Zone 

O.OU 
1.135 
0.005 

12.236 
6.755 
1.928 
0.854 

43.381 

Buffer 

-
0.0311 

-
14.562 
6.839 
1.952 
0.864 

42.873 

Driver 

0.021 
2.179 
0.010 
0.126 

22.211 
6.339 
2.807 

42.763 

atorris/cm' 

Steel Depleted 
Reflector Reflector 

-
-
-
-

77.893 
1.952 
0.864 

-

_ 
0.085 

-
40.133 

4.256 
1.215 
0.538 

-

Mate­
rial 

"•u 
2 3 5 ^ 

236y 

"«U 
F e 
C r 
Ni 
C 
Al 

Test zone 
Buffer 

Driver 
Total cr i t ical mass 

Atomic Concentrations, 

Core 

0.020 
2.140 
0.010 

33.233 
6.839 
1.952 
0.864 

1.649 

Buffer 

0.073 
_ 

33.959 
6.839 
1.952 
0.864 

6.255 

Driver 

0.044 
4.474 
0.021 
0.255 

12.907 
3.684 
1.631 

51.218 

86 
2 

387 
i 475 

Units of 

Radial 
SS 

Refl 

56.474 
16.115 
7.136 

-

3 

10^' atom 

Axial 
Nickel 

Refl 

6.839 
1.952 

75.423 

s / c m ' 

DepI 
Refl 

0.085 

40.133 
4.256 
1.215 
0.538 

-



r ed C o n t r o l - r o d W o r t h s 

Assembly 

11 

12 

13 

14 

15 

16 

17 

19 

21 

22 

24 

25 

Rod N u m b e r s 

1-10 

4-7 
1-3, 8-10 

4-7 
1-3, 8-10 

4-7 
1-3, 8-10 

4-7 
1-3, 8-10 

4-7 
1-3, 8-10 

4, 5, 9, 10 
1-3, 7, 8 

4, 5, 9, 10 
1-3, 6-8 

4, 5, 9 
1-3, 6-8 

4, 5, 9 
1-3, 6-8, 10 

2, 4, 5, 6, 7, 9 
1, 3, 8, 10 

1-4, 6-9 
5, 10 

% 

D u a l - p u r p o s e , 
F u e l - b e a r i n g 
C o n t r o l Rods 

0.23 

0.28 
0.25 

0.23 
0.19 

0.25 
0.19 

0.26 
0.18 

0.19 
0.39 

0.25 
0.23 

0.37 
0.35 

0.28 
0.24 

0.14 
0.33 

0.24 
0.29 

Ak/k 

B o r o n 
C o n t r o l Rods 

0.23 

0.10 

0.10 

~ 

" 

-

-

0.18 

-

-

0.36 

-
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